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Abstract

In acollaborative effort between researchers at the
NA SA Ames Research Center and Stanford University,
information technologies are being applied to the
problem of improving the design process for the
aeronautics industry. Two prototype systems
developed by the participants address enhancing the
utility of both experimental and numerical data. The
DARWIN Workspace Environment (DWE) is a powerful
system for remotely accessing and reviewing wind
tunnel test data, while the Integrated Computational
System (ICS) providesinnovative tools for extracting
and visualizing flow features from computational
solutions. The hosting of the ICS within the DWE
demonstrates the future capability of remote aeronautics
design analysis.

Introduction

Traditionally, awind-tunnel test requires bringing a
team of technicians and engineersto the tunnel
location. The engineers, needed for their expertise, must
travel to the test site to have accessto the data.
Gathering the complete results of the test and
interpreting the data is time consuming and can take up
to six months. The results often provide valuable
insights and reveal areas and issues that could have
been explored during thetest if those results had been
immediately available. By the time the data reaches
aerospace industry customers, however, it would be
necessary to arrange for another wind tunnel test to
obtain further information.

NASA Ames Research Center is using information
systems technology for developmental aeronauticsto
redefine the classic wind-tunnel test. The goal of the
project, called Developmental Aeronautics
Revolutionizing Wind-tunnels with Intelligent Systems
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of NASA (DARWIN),L isto reduce the design-cycle
time for industry customers by improving speed and
quality of access to experimental data and by providing
toolsfor integration and interpretation of numerical
simulation results. The strength and promise of this
program isthe potential for greatly improved
understanding of an aircraft’s design through
standardized integration of experimental and numerical
disciplines.

This paper will describe two components of this effort
to reduce the design cycle time for the aeronautics
industry. The first component isthe DARWIN
Workspace Environment (DWE), which is the user
interface to the DARWIN system. By harnessing
current internet technologies, data visualization tools,
and database access methods, the DWE empowers
usersto access, review and analyze experimental data
quickly and efficiently. The second component isthe
Integrated Computational System (ICS), which
incorporates advanced techniques in feature extraction
and data visualization to facilitate the analysis and
assessment of numerical simulation data. From a
numerical solution, the feature recognition component
of the ICS can automatically identify and display a
variety of flow features, such as shocks and vortices.
Finally, we will discuss plans to integrate these two
efforts to provide a system for comparing experimental
and numerical results.

Overview

DARWIN provides remote access to the NASA Ames
wind tunnelsfacilities through a dedicated, site-wide
fiber optic intranet. No connections to the open Internet
are permitted on DARWINnet. The use of these isolated
networks and subnets within them are the first level of
security that DARWIN provides. User authentication is
determined viaa password specific to the industrial
partner and the particul ar test. The machine internet
protocol (IP) addressis also used to authenticate the
user and the company. Data privacy and security are
maintai ned through the use of separate and secure data
channels for each of the wind tunnel tests regardless of
the user. Each test user is provided with an encryption
key that isvalid only for the specific test. Combining
these various techniques (isolation, authentication, and
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encryption), DARWIN provides arobust level of
security to the data provided for the remote user.2

The DARWIN system was used to support two
tunnel testsat NASA Amesin 1996 and currently has
the architecture diagrammed in Figure 1. The DARWIN
server hosts aweb server and a meta database. The
meta database contains the search criteriafor retrieving
experimental dataand pointersto the locationsin the
DARWIN file system of the raw datafiles. The ServiO
server islocated in the tunnel and hosts the ServiO
system and the raw datafiles for the test. During awind
tunnel test, ServlO automatically generatesthe raw data
files plus namelist files that are used to load the
DARWIN meta database with the search criteriaand the
locations for those files.3 When DARWIN customers
want to access the experimental data, they use a
Distributed Remote Access Machine (DReAM) client,
which isan SGI workstation that is configured with a
web browser, DARWIN executive software, and
supplementary analysis tools.2 When a customer
requests the web pages for a particular tunnel test, the
DARWIN web server queries the meta database via
common gateway interface (CGI) scripts and returns
hypertext markup language (HTML) documents that
describe and display the experimental data. The
DARWIN Executive and analysistools are resident on
the DReAM client and can be utilized for in-depth
review of the data (Figure 2).

ThelICSiscomposed of threelevels: the solver level,
the feature extraction level, and the display level. The
solver level alows the engineer to set up anew case
and to launch the flow solver. The feature extraction
level includes algorithms to extract the main flow
features such as shocks, vortex cores, and skin-friction
lines. In addition, it includes the capability to visualize
tensor fields such as the deformation tensor and
Reynolds stress tensor. The display can be launched
separately as an independent application and provides
various viewing capabilities that are further discussed
later. The ICSis currently in use by the scientific
visualization group in the Aeronautics and Astronautics
Department at Stanford University.

The DWE is configured to act as ahost for the ICS
hel per applications and to natively access and launch
the appropriate |CS components remotely viathe
internet.

DWE Technologies

The DWE applies avariety of technologiesto the
problem of providing fast, high-quality data-analysis
tools to users at remote sites. Internet technologies
devel oped for the world-wide web are combined with

specialized analysistoolsto build the optimum
environment for review of wind tunnel data.
Web-based Tools

The DWE component of the DARWIN system is
comprised of aweb browser that can display HTML
pages (containing text, JavaScript code, and Java
applets), the DARWIN executive software, and a
collection of software applications for performing
specialized data analysis, visualization, and
collaboration tasks. The browser, the DARWIN
executive, and the tool kit applications are all resident
on the customer’ s workstation. The HTML pages,
which can be static documents or the dynamic results of
CGl scripts or JavaScript functions, are retrieved from
the DARWIN server via secure hyper text transport
protocol (HTTP).

The DWE makes full use of the latest web techniques
and software. All interactions between DARWIN users
and the DARWIN system are through the web browser.
Because of the growing popularity of the Internet and
web “surfing,” the browser environment has the
advantage of afamiliar look and feel for many users. In
addition, the Netscape 3.x browser, which was chosen
for this project, runs on multiple platforms, including
personal computers aswell as high-end workstations.
Thus, though advanced data analysisis reserved for
users with access to Silicon Graphics workstations, the
basic functions of the DWE are available to users on
any platform.

To access datafrom a particular wind tunnel test, a
DARWIN user logsin to the system by requesting the
login page from the DARWIN server and then entering
auser name and password. The IP address of the
reguesting computer is also checked against alist of
allowed machines before access is granted. Once logged
into the DARWIN system, the user is presented with
linksto the teststhat he is permitted to review (Figure
3). Theweb site for awind tunnel test contains a
summary of the test’ s purpose, statement of progress,
and various views on the data collected so far.

The majority of the HTML content displayed by the
DWE is generated by server-side common gateway
interface (CGI) scripts. The scripts, written in Perl, verify
the user’ s permission to access the given test, and then
query the DARWIN database to retrieve the requested
information. The SybPer| extension to Perl is used for
database communications, asthe DARWIN database is
implemented using Sybase. All database queries are
standard SQL, but the SybPerl commands used to
transmit the queries to the database are Sybase specific.
A benefit of generating the HTML pages directly from
the database is the pages are always up-to-date. During
atunnel test, the database can be updated every fiveto
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ten minutes, and any changes are automatically
reflected in the DARWIN web pages.

The CGlI scripts generate pages that contain standard
HTML commands, but also Java applets and JavaScript
callsthat add functionality to the display. The code for
Java appletsis stored on the server until the browser
encounters an applet tag inthe HTML that it is
processing. At that point, the browser downloads the
applet code from the server and runsit locally on the
client’s machine. Downloading the applet can
sometimes take a minute or two, but once resident on
the user’ s machine, the applet can run without relying
on network connections back to the server and can
respond quickly to user commands. A graphing applet
for plotting two-dimensional dataisused in several
placesin the DWE (Figure 5). The primary advantage of
the graphing applet over a static plot imageisits
interactivity. Among other things, the user can zoomin
on aregion of the graph, specify x- and y-axis ranges
and labels, add or remove data sets from the display,
and modify the symbols and colors used in the plot.

A second applet is employed to animate pressure
sensitive paint (PSP) images. The animation applet
allows the user to loop through a set of images and view
changes over the sequence (Figure 6). This method of
viewing collections of images highlights subtle changes
in color or pattern since each image exactly overlaysthe
next, removing the need to mentally recalibrate position
coordinates between images.

JavaScript commands differ from Java appletsin that
al theinstructions for executing the commands are
present inthe HTML for the page. In the DWE
JavaScript is used to automate sequences of tasks that
the user could do manually with the browser and to
make the pages interactive. For example, JavaScript is
used to build push buttons that select all the
checkboxesin alist, submit aform, or open anew
browser window displaying a particular page. Like Java,
JavaScript has the speed advantage of executing on the
client machine. Unlike Java, JavaScript is not compiled
code. The user may view the JavaScript instructions by
asking the browser to display the source for agiven
page.

The final web technique that is used by the DWE is
persistent “cookies.” Cookies are small files of specific
datathat are set by the web server and stored by the
client browser. Each cookie has a name (or key) and a
value, an expiration date, adomain and a path. The
expiration indicates how long the cookieis active, the
domain isthe server for which the cookieisvalid, and
the path indicates to which documents the cookie
applies. Since cookies are stored by the client browser,
they areideal for recording user preferences. The DWE
uses cookies for storing user preferences for avariety of

display options, including column headings in tables,
graph variable assignments, colors and symbolsfor
plotting data. They are also used to remember state
conditions, so that when a user returns to a page he has
aready visited, hefindsit in the same condition as
when he | eft.

Helper Applications

Asflexible as the web environment is, it cannot
handle all dataanalysistasks. For situationswhere a
specialized task or in-depth analysisis required, existing
programs (often platform specific) are utilized as “ helper
applications” to the web browser. Installing a program
as ahelper application is done by configuring the web
server to give certain documents a unique label and
then setting the web browser to recognize that those
documents should be viewed by a particular application.
When the browser is served a document with this
unique type, it downloads the document and passes it
directly to the appropriate helper application.

The DWE employs avariety of helper applications for
dataanalysis. exVisisadatavisualization tool for
analyzing PSP images (Figure 7). With exVis, the user
can create pressure plots for any line segment on the
image. These plots allow usersto compare PSP data
directly to conventional pressure tap data and to
investigate pressuresin all exposed regions on the
model. For CFD solutions and acoustic datafiles, Plot3D
or FASTIlook islaunched to view the data. The DWE
also has helper applications for connecting to live
cameraviews of the tunnel test in progress and for
video conferencing with test engineersin the tunnel. All
these helper applications run only on SGI workstations,
and thus are only available to users with access to that
platform.

ICS Visualization Technologies

Flow field solutions obtained through numerical
simulations are generally very large data sets. A typical
numerical solution contains five basic flow quantities
(three components of momentum, density, and energy)
per point, on atypical computational mesh (three
components of position) of about amillion points. The
data sets then contain several million values per
solution per time step for an unsteady flow. An analysis
and understanding of the flow field by studying the
vast information requires considerable training that is
not always available to design engineers. Moreover,
transferring complete data sets between remote sitesis
practically impossible. To assist the design engineers
and to facilitate the data transfer we have developed
novel scientific visualization techniques. Flow features
arefirst extracted from the flow solver’ s output, and
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then are visualized via FASTlook and/or aviewer
supporting the virtual reality modelling language
(VRML). The following section discusses the various
feature extraction and visualization techniques as well
asthetools available to the DARWIN workspace
environment.

Shock Wave Extraction

A shock represents a sudden change of fluid
properties. Typically, ashock is witnessed when a body
travels at supersonic or transonic speeds. The flow
adjusts to abody by abruptly changing its pressure,
density, and temperature. We have devised a method
that takes advantage of shock attributes for afast and
clean method for extraction. The method is based on the
assumption that at the shock location the shock surface
isnormal to the pressure gradient. The Mach number
component is computed in the direction of the pressure
gradient and a marching cubes algorithmis used
together with variousfiltersto generate a surface. The
filters remove any theoretically implausible shock
surfaces, such as expansion areas and surface segments
that do not abide with the original assumption. To
minimize numerical noiseg, itis verified that the pressure
jump across the shock surface iswithin the range of
pressure jump asis derived from the gas dynamics
equations.

Tensor Field Visualization

Tensor data sets are at the heart of many engineering
and physics disciplines, yet few methods have been
devised for understanding and visualizing such data
sets. In particular, second-order tensor fields are central
to fluid mechanics. For example, stresses, strain rates,
and Reynolds stresses are all tensor quantities. In
traditional approaches, selected data are displayed
using simplelocal icons depicting, for example,
eigenvalues and eigenvectors at selected points.
Through this data reduction process, valuable
information islost or discarded.

Since atensor field isacontinuousfield it should be
visualized as such. The approachisto trace the
trajectories of the eigenvectors of the tensor field
(referred to as hyperstreamlines?). Any symmetric
tensor data set can be represented locally by a set of
orthogonal eigenvectors and eigenvalues which contain
all the information about the tensor data at a given point
in space. Hyperstreamlines are tangent curvesto the
principle eigenvectors; the eigenvectors are ordered
according to their eigenvalues, and a particular
eigenvector is chosen, corresponding to the smallest,
middle or largest eigenvalue. By integrating along the
direction of the chosen eigenvector, atangent curveis
generated along which we can display, in an orthogonal

manner, the remaining two eigenvectors. This can be
done as a set of orthogonal vectors or ellipses having
principle axes in proportion to the two eigenvalues.

In this manner adisplay is generated that takes
advantage of the continuity of the data, and all
information in the original datais retained.

Oil Flow Simulation

3-D separated flows play asignificant rolein
aerodynamics because of the close relationship between
separation and vortices, which are important structures
of the flow far from the body. The first stepin
visualizing 3-D separated flows consists of depicting
the structure of the vector field near the body, for which
an adequate description isinferred from the skin-friction
field. Numerically, the skin-friction field is simulated by
representing the 2-D tangential velocity field one grid
plane away from the surface of the body using arrows.
This method mimics a visualization method that is
commonly used by experimentalists, namely, the oil
flow. Experimentally, the skin-friction field is studied by
examining the streaks that formin an ail film on the
surface of abody in awind tunnel.

A recent major improvement in visualizing 2-D vector
fields was made by adopting a new rendering technique,
namely anisotropic textures. By generating textures, 2-D
streamlines are rendered directly, without the need for
integrating the vector field.>:6 Textures provide an
adequate solution to problems of accuracy, do not
require an integration of the whole vector field, and
create continuous images.

The use of texturesin representing the skin-friction
field provides the researcher with an image that can be
analyzed using critical point theory and can be
compared with images from experiments. By applying
coloring based on pressure values on the body surface
this technique combines oil-flow simulation with a
simulation of PSP. Furthermore, it provides the meansto
analyze the rel ations between the skin-friction topol ogy
and the surface pressure.

Vortex Core Extraction

|CS employs new extraction and visualization
techniques for vortex cores. The method is based on the
observation made by Levy et. al.,’ that vortex cores are
streamlines along alocus of helicity maxima. By
computing the gradient of the helicity field and
following its trajectories we form tubes that delineate
the path of the vortex core. The vortex core extraction
method is still under devel opment; however, it was
successfully used to locate the cores for awide variety
of flows including open and close separation.

4
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Data Visualization Tools

Once features have been extracted, and the primitives
used to represent them have been created, there are
various data-visualization tools available for displaying
the results. For the most general viewing, primitives can
be exported to VRML 1.0 for viewing. Thisallowsfor
platform independent data analysis.

For scientific visuaization, asimple viewer may not
suffice. Many times the actual data values need to be
known, or some data needs to be masked for a clearer
representation of the essential characteristics. For this
purpose, FASTIook was created as a hel per application
designed for more in-depth analysis of results attained
from feature extractions. FASTIook providesall of the
basicsfound in typical 3-D viewers (rotation, zooming,
panning etc.) and allows for the manipulation of
individual primitives. For example, an analysis of aflow
about awing may contain agrid representing the wing
surface, surfaces representing shocks, hyper
streamlines depicting the reversible momentum tensor,
and tubes representing the vortex cores. Individual
primitives can be hidden, removed, or even added. For
example, the skin friction lines can be further added to
the display. Color maps can be merged or modified, and
Plot3D grids can be directly imported.

FASTlook was written using C++, ViewKit (C++
wrapper classes over X11/Motif), and OpenGL.
FASTIlook isintended to be run as a helper application
under the DWE but can also be instantiated separately
in auser defined C++ application.

Capabilities
The application of these various technol ogies brings
new capabilitiesto design engineers. Both experimental
and numerical data can be accessed, reviewed, and

analyzed in more powerful ways. In this section we will
describe how the DWE and the ICS are typically used.

Wind Tunnel Data Access

Whileawind tunnel test isin progress, test engineers
closely track the data being collected. The DWE can be
used by engineers at the tunnel or at remote sites such
asthe customer’ s home office. Once logged in (Figure 3)
the user can proceed to the home page of the current
test (Figure 4). This screen displays the name of the
test, various summary information, and atable of the
most recent runs. The toolbar at the bottom of the page
provides linksto the current display and the user’s
authentication screen, pluslinks that launch hel per
applications for presenting the live cameraview of the
inside of the tunnel or for initiating a conference with
tunnel personnel. The “Latest Data” table lists the most

recent run numbers along with afew columns
containing user-defined descriptive variables (such as
average Mach number or average Reynolds number). If
the user isinterested in runs other than those most
recently completed, a Database Query link isavailableto
perform a database search to retrieve the runs of
interest. Once the table is displaying the correct runs,
the user can select the datato review by clicking the
corresponding checkboxes of the runs of interest and
then clicking the Data Review button

The Data Review page displays user-defined plots
and tables of datafor the selected runs (Figure 8). The
top frame of the page contains links to the plots and
tables displayed in the lower frame. For example, clicking
the“C_ vsCp” link in the top frame scrolls the bottom
frame to display the graph displaying coefficient of lift
versus angle of attack. Thetablein thetop framelists
the selected runs and descriptive variables from the test
home page pluslinksto additional datafrom that run.

The spreadsheet icon in the top table links to the data
table for that run in the frame below (Figure 8). The user
may specify which variables appear as columnsin this
table. The plot icon in the third column indicates that
plots of pressure tap data are accessible. Clicking the
plot icon brings up a new window with one or more
graphing appl ets displaying the coefficient of pressure
for various sets of taps on the model (Figure 9).

The presence of anicon in the PSP column of the data
table or the run table indicates that PSP data was
collected during that run or sequence. Clicking theicon
in the run table brings up awindow displaying a small-
multiple view of all the PSP images recorded during that
run (Figure 10). Clicking on theicon in the datatable
displaysjust the images collected at the sequence. From
the small-multiple display, the user can bring up the PSP
animation applet that was described earlier in this paper.
If the user wishesto analyze any of the PSPimagesin
more depth, clicking on an image launches exVis, the
PSP analysistool (Figure 7).

All of these pages are constructed dynamically by
CGil scripts accessing the DARWIN meta database and
retrieving and parsing data files from the DARWIN
distributed file system. Thus, the pages always reflect
the current status of the test. The scripts, in addition to
adapting their output to a particular test, also configure
the displaysto the user’ s preferences. By using the
preferences screen (Figure 11), the user can specify
which variables appear in the tables and graphs. The
DWE also keeps track of the state of various screens so
that when the user returns, they will have the same
appearance.

All the examplesin this section have demonstrated
review of datafrom asingletest. The DWE also allows
its usersto compare datafrom multipletests. Torun a
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cross test comparison, the user selects runs from the
initial run table, and instead of clicking the Review
button, selects the Compare button. The selected tests
arethen added to the cross test comparison screen
(Figure 12). From that screen, any set of runs can be
selected and reviewed together, much the same way as
runsfrom asingletest are reviewed.

CED Analysis

In the process of wingdesign, the engineer is mainly
interested in the surface pressure coefficient
distributions. These are directly affected by the shock
location, whether separation and shock induced
separation exist, the locations of the separation lines,
and the location of vortices. The ICS feature exdtraction
technology provides the toolsto display the above
features and to manipulate the display so that the
engineer can explore the numerical results, compare
them to experiments and alter the model accordingly.

In order to show the effectiveness of the workspace
environment, two wing analysistest cases are
presented. Thefirst case consists of the oblique all
wing, which appears as an experimental model in the
DWE examples of the previous section. The flow
conditions are angle-of-attack a = 3.0°, Mach number M
= 1.6, and Reynolds number of Re=5.53 million. The
DARWIN database contains only the numerical
solution containing regions of most interest to adesign
engineer, namely, surface information. Thus, the
numerical dataincluded information limited to data on
the surface and on the shell of points one grid point
away from the surface. Thislimited data prevents ICS
from using the shock and vortex extractors, but allows
visualization of the skin-friction field and the surface
pressure. The results are shownin Figure 13.

In the following test case, we have provided a
compl ete representation of the transonic flow about an
ONERA M6 wing. Thereis extensive experimental data
that reinforces the various feature extraction findings.
The computational mesh consists of a269 X 35 X 67 C-
O mesh and the flow conditions are angle-of-attack a =
5.06°, Mach number M = 0.8447, and Reynolds number
of Re=7.61 million. The results of the feature extraction
process are presented in Figure 14. The skin-friction
field colored by the pressure on the body surfaceis
used to also show the geometry of the wing. Blue colors
denote regions of low pressure and red colors denote
regions of high pressure. The surface of the shock is
presented by a gray surface and the vortex coreis
presented by ared tube. The figureincludes only the a
small part of the wing-tip vortex which trail behind the
wing all the way to the edge of the computational mesh.

Apparent from the figure are the separation lines
behind the shock surface and the separated regions that

6

are clearly illustrated by the skin-friction field topology.
The colored texture presented together with the shock
surfaceillustrate the effects of the shock on the flow.
Evident are the pressure jump across both parts of the |
shock and the changein flow topology across the main
shock.

Future Work

At the present time, both the DWE and the ICS are
mature prototypes. They are currently in use at NASA
and Stanford and are rapidly developing into full-
fledged applications. The focus of our work in the
coming year will be to bring these two components
together to allow combined analysis of experimental and
numerical results. For wind tunnel experimentalists, we
would like to provide a system for reviewing existing
numerical solutions and comparing them to tunnel data
asitis collected. For thistask, the DWE will be extended
for managing the results of CFD simultations. If no
comparable numerical results exist, we plan to providea
mechanism for launching aflow solver to produce an
appropriate solution. Toward this end, work has begun
on a“solver assistant” that |eads the engineer through
the setup of aflow solver and provides advice on
configuring it correctly for avalid solution. Two keysto
producing a successful CFD solution are properly
configuring the input files and understanding the
domain of applicability of the solver code. The solver
assistant checks the wind tunnel conditions proposed
for the simulation and informs the user of whether the
solver codeis capable of producing aphysically valid
solution for the given situation. If the codeis
appropriate, then the necessary input files are generated
and configured automatically so that the engineer does
not have to bother with details of file formatting and
naming conventions required by the solver. The solver
assistant will allow users to setup and launch flow
solver codes viaaweb interface similar to those used in
the DWE. Fluid dynamicists could also use this system
to launch codes and track the solutions, aswell as have
access to experimental datafor analysisand review.

Summary

The DARWIN Workspace Environment is designed
to provide the aerospace customer of the future with the
necessary information access to greatly improve the
design cycle process. By gleaning more knowledge from
experimental and numerical data, the DWE providesthe
capability to perform true design cycleiterationsin a
single test entry. Under the guise of the Aeronautics
Design and Test Environment (ADTE) project, we will
continue thiswork with the goal of further integrating
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experimental and numerical methods to provide the best
aeronautics design facility possible.
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=| Netscape: darwin Home Page {= 00 =|_Netscape: Test 210197 {= 00

90 DARWIN

Summary -
Model Oblique All Wing Program Research W ing Design
User Authentication Client  Cooperative Location INASA Ames Research Center
Date 6/1/1994 - 7/1/1994 Facility 9%7-Foot Supersonic Wind Turnel

User Name; darwin

Machine Name: hanalei.arc.nasa.gov
IP Address; 128.102.116.25 Latest Data
A\ Werning:You ae wsing s non- DARWIN
machine to access the DARWIN network. A
record of your visit has been made

This table lists the S most recently- completed runs in this test. To review the data collected during
one or more runs, select the, check boxes in the right-most column and click the " Review” button.

Setu Date Run Avg Mach AvgRN
To fully access the D ARWIN facility, you will need to download or install 7n 1122 169952 226327
certain software, Instructions on using the facility are available. If this is your
first login, please change your password now. 7 121 159995 2.23435
Tests 7 1120 170000 2.22264
User darwin has access to the following tests:
7n 1119 1.59995 2.22816
Date  Facility Test
6/1/1994 9x7-Foot Supersonic Wind Oblique All Wing Cooperative n s 159995 256608
Tunnel el

- - Cross-Test Comparison Select All Clear All Compare ® | Review
T R T T}
Return to DARWIN WWW Server

Latest Data Database Query Engineer’s Notes Preferences

=

Figure 3. Authentication Screen Figure 4. Test Home Page
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Figure 4. Graphing Appl et
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File CurveOp Options

Im

4

PSP Images for Run 87, Camera 0

Zil

Distance along slice = 63
Intensity = 0

Distance along slice = 65
Intensity = 0

{98,666} =0.00 View

11

Slice

Figure 6. exVis
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Oblique All Wing Cooperative Test
Run Overview
Flots Run  Avg Mach Av¢eRN  Table PSP
CL vs Alpha CL ws OM 87 1.60045 2.97507 G
CL ws CD 89 1.69988 2.97637 BEE
94 1.60069 2.97455 BEE
CL vs CM
CL CLws CHM
0.25
. . . . O Run 87
A oL o © 0 . . |*Runss
02 P Q% O Run 54
o s\ S Lo
0,15 : : :
o1
0.08
o
001 0.01s noz 002s 0oz
CPM
DataSetst M Run27 I Run23 I Run94 PrintI
Run 57
Seqy Comp CP PSP Mach RN Alpha Beta CL cD CPM
1 1600450 2.983810 -0.013865 0650849 0.019130 0009292  0.023707
2 1600450 2984790 0995201 0657201 0.046382 0.009678  0.025268
3 1600450 2980440 1.993900 0689747 0.073505 0.010653  0.027924
4 1600450 2.976240  2.502560 0717294 0.087945 0.011401  0.028291
5 1600450 2.978620 2997950 0718390 (0.102676 0.012328  0.028874

Figure 8. Data Review Page

Pressure Tap for Run 87, Sequence 4

~Cp Run 87, 5eq 4
03

0 OAW-3 LEFT WING UPPER

0 OAW-3 LEFT WING LOWER

. 0 OAW-3 RIGHT WING UPPER
0 OAW-3 RIGHT WING LOWER

02

i
]

0 02 04 06 02 1
¥/C

Data sets _print]

Figure 9. Pressure Tap Data Plots
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PSP Images for Run 87

Camera 0

Figure 10. Smal-multiple Display of PSP Images

=] Netscape: Preferences =0 —| Netscape: (Unlitled) =0
blique Al ng Coopera
Preferences [ Cross-Test Com parison
Use this page to set your preferences for displaying data from this test. Use the Plats section below to ‘This table lists all the runs from that are currenty selected for cross-test comparison.
specify which plots will appear on the Run Overview page. Use the Table section to specify the To add more runs to the table, use the Darsbase Query option, or go to the home
colurmns that will be displayed in the Latest Data/Query Result tables and the Run Overview tables. [ page of atest you are interested in, select runs and click * Compare.
Run AvgMach RN
Actions: List of Plots: Settings for Selected Plot: R
Addeplorto o Type in the title of the plot here: Oblique All Wing Cooperative Test
e list: Titl =) @ 87 1.60045 2.97507
itle: vs
Delete the
Seecredplor:  Delete 88 164997 2.96305
Choose the X - axis variable, the Y- axis variable, and
Movethe the points sorting variable from the following popup 89 169988 297637
selected plot Up
P 90 179986 2.98716
Move the The plots list X D
selectedplot  Down. displays the titles of 9 1.60106 148278
allthe plots in the
order that they will N CL 93 1.55850 2.97395
appear on the Data
Summary screen. sort ot o 160069 297455
or gys Alpha -
/
TABLE: 3
Y
Latest Data & Query Result Tables Select All Clear All Remove | Review
Number of Columns: 2 Number of latest data rows: [ 5
Date R Mach RN
110 0.00000 0.00000
Avg Avg
/
R T =
I
Save Preferences Revert Cancel I
/]
il T =] e .

Figure 11. User Preferences Screen Figure 12. Cross-Test Comparison Screen
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Figure 13. Oblique All Wing Showing Skin-Friction Field

Figure 14. ONERA M6 Wing Showing Skin-Friction, Shock and V ortex
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